Vetren is made by Promonta in Hamburg, Germany and is a heparin-like preparation with 145 IU heparin activity per mg.
• Acute hemorrhage in dogs sufficiently severe to cause a fall in blood pressure is accompanied by an increase in the adhesiveness and aggregation of platelets and other blood elements, 1 the magnitude of which is shown by the screen filtration pressure method. 2 This method measures the pressure required to force blood at a constant rate through a calibrated screen with multiple square holes each 20 x 20 micra. Filtration of such blood through pyrex glass wool 1 removes the aggregated blood elements and reverses the screen filtration pressure to normal.
In the present study the changes in screen filtration pressure in blood are explored further. The effects of intravenous heparin in hypotensive animals, and the suppression of the physical changes in blood elements during hypotension by continuous glass wool filtration of blood in a partial extracorporeal bypass are reported.
Methods
Dogs weighing 11 to 28 kg were anesthetized with sodium pentobarbital. Five were given 5 mg heparin/kg body weight intravenously and then hemorrhaged through a plastic cannula in one femoral artery. 1 One of these dogs received an additional 10 mg of heparin midway through the hemorrhage. Bleeding was continuous and complete and lasted 30, 35, 40, 60, and 70 minutes, respectively. An additional nine dogs were rendered hypotensive by intravenous injections of histamine. The mean arterial pressure in these dogs usually dropped to or below 30 mm Hg and was maintained at this level for five to ten minutes. The blood pressure was then allowed to return to normal. In four of these dogs acute hypotension was produced a second time after an interval of recovery lasting 60 to 90 minutes. Two of these nine animals were given heparin as described above before hypotension was produced. Hypotension was produced in one dog twice, and in the other once.
The blood of 37 additional dogs was anticoagulated by an initial dose of Vetren * (10 mgAg) or of heparin (15 mgAg)-Half the dose was repeated every 30 to 45 minutes during the experiment. The blood of 18 of these was circulated through an extracorporeal system so that it could be filtered continuously through pyrex glass wool before or after production of hypotension by bleeding or by intravenous injections of histamine. To the donor blood in the extracorporeal circulation 6 mg of Vetren or 10 mg of heparin/100 ml blood were added. Mean ar-° 98 SWANK, ISSELHARD, HISSEN, MERGUET FIGURE 1 This drawing shows schematically the extracorporeal circuit used in these experiments.
terial blood pressure was recorded from a plastic cannula in one femoral artery. A second plastic cannula was inserted by way of the other femoral artery into the aorta to the level of the renal arteries, and another by way of the femoral vein into the inferior vena cava. The circulation of the dog was connected by these cannulas with the extracorporeal circulation ( fig. 1 ). The reserve volume of the extracorporeal system was 1800 ml. It was partially filled before the experiment with 500 to 700 ml of the heparinized donor blood. This allowed transfusion if the blood pressure dropped, and made possible repeated sampling of the blood. Blood volume could be reduced by bleeding into one or both of the reservoirs from which blood could again be returned to the dog as desired. Further, the extracorporeal blood could be filtered with or without inclusion of the animal in the circuit. In the other 19 dogs, acute hypotension was produced without filtration. In all experiments the blood volume was estimated to be 8% of the dog's body weight. Erythrocyte sedimentation rates were determined in Wintrobe hematoerit tubes for a period of one hour. Hematocrits were then determined by centrifuging these tubes to a constant hematoerit at 2000 g.
The Corning pyrex glass wool filter had a diameter of 6.4 cm, length of 5.0 cm, and a volume of approximately 170 ml. It was divided in two equal parts by a centrally placed diaphragm with multiple perforations and contained 6.4 g of glass wool in the inflow half and 8.0 g in the outflow half.
The method of measuring the screen filtration pressure of the blood is described elsewhere. 1 ' 2 The screen filtration pressure, (SFP) is a measure of the pressure, mm Hg, required to force blood at a constant rate of speed through a metal screen with multiple square holes each 20 x 20 micra. In these experiments the screen had a diameter of 1.8 mm and the speed of filtration through the screen was 2 ml in 10 seconds. The pressure reached at the end of the period is defined as the screen filtration pressure (SFP). The SFP varied normally from 20 to 50 mm Hg.
Results

ACUTE SEVERE HYPOTENSION
Hemorrhage of Heparinized Dogs
The results of a single continuous and rapid hemorrhage of five heparinized dogs (5 mg heparin/kg body wt) are shown in figure 2 . For comparison, the results of eight previous experiments 1 in which nonheparinized dogs were hemorrhaged in the same manner, and at approximately the same speed, are included in figure 2 . In all dogs, falling blood pressure was attended by a sharp increase in the screen filtration pressure. The magnitude of this change was similar in the heparinized and nonheparinized dogs. The amount of blood lost by the nonheparinized dogs at time of death varied from 50% to 70% of the estimated total blood volume and 70% Results of hemorrhage of five heparinized and eight nonheparinized dogs.
to 90% in the heparinized dogs. The course of the fall in blood pressure was essentially the same in both groups.
In the heparinized dogs and in one nonheparinized dog the screen filtration pressure of venous blood was also determined and found to increase significantly during hemorrhage. Increased SFP in venous blood was less marked than in blood from the artery, except in one case. In this one exception the only major change in SFP was registered in venous blood.
Effect of Acute Hypotension Due to Histomine Injections on the Screen Filtration Pressure in Heparinized and Nonheparinized Dogs
In all histamine treated dogs the blood pressure fell precipitously. The SFP usually began to increase less than two minutes after the blood pressure began to fall, and reached its highest point two to ten minutes after the blood pressure fell below 40 mm Hg. As the blood pressure returned to normal the screen filtration pressure fell to prehypotensive levels. This series of events was observed 11 times in seven nonheparinized dogs ( fig. 3 ). Four Illustration of the effect of continuous glass wool filtration of blood on systemic blood pressure, screen filtration pressure, and glass wool filter pressure. See text for detailed changes.
dogs were rendered hypotensive twice, with a one-to two-hour interval of normal arterial pressure between these two episodes. There was a tendency for the increase in SFP to be less marked during the second hypotensive episode, and in one dog this second episode was not attended by an increase in SFP. Three histamine hypotensive episodes were produced in two dogs given 5 mg heparin/kg body wt (one dog was shocked twice, the other once). Each of these hypotensive episodes was accompanied by an increase in the screen filtration pressure of the blood similar to the changes illustrated in figure 3 . A significant increase in hematocrit and decrease in erythrocyte sedimentation rate (ESR) occurred during hypotensive periods following injections of histamine. These changes disappeared during return of the blood pressure to normal. During hemorrhage a significant decrease in ESR attended the increase in SFP without a significant change in the hematocrit ( fig. 3 ). 1 
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EFFECT OF GLASS WOOL FILTRATION OF BLOOD ON THE SCREEN FILTRATION PRESSURE CHANGES DURING ACUTE HYPOTENSION
In three experiments heparinized animals (initial dose of heparin 15 mgAg body wt) were rendered hypotensive by bleeding into the extracorporeal system ( fig. 1 ). They were then transfused to return the blood pressure to normal. Before, during, and for about two hours after this first hypotensive episode the blood was filtered continuously through glass wool. A second period of hypotension was then produced by a second bleeding sufficiently severe to lower the blood pressure to a level comparable to that produced during the first blood loss. The results in the three experiments were similar. One is shown in figure 4 . Note the increase in resistance to flow of blood through the glass wool filters as the filters became saturated with aggregated materials. This is shown by the increase in perfusion pressure in the extracorporeal system just before the filters (glass wool filter pressure). This material appeared to be composed of aggregated platelets with occasional leucocytes ( fig. 5 ). Figure 4 also shows that the SFP after the glass wool filter might increase during the latter part of the experiment. During the second period of hypotension, the screen filtration pressure in the three experiments rose less sharply than during the first. Note also that during the period of blood filtration between the two hypotensive episodes the mean blood pressure slowly fell, To establish if these latter two observations in the three animals were truly representative, the following series of experiments 
Photograplis of glass wool, washed free of red blood cells with saline, to show attached platelets and leucocytes. A is low power magnification, B higher power magnification showing large aggregate. The glass wool fibers are approximately ten micra in diameter.
Circulation Research, Volume XIV, February 1964 was performed in heparinized animals (initial dose of heparin 15 mg/kg body \vt): 1. Hypotension was produced in nine additional animals by hemorrhage, and in ten additional animals by histamine injections. 2. Following glass wool filtration of blood, hypotension was produced in seven animals by hemorrhage, and in eight animals by histamine injections.
As nearly as possible the degree of hypotension was the same in each of the two groups of animals. The results are shown quantitatively in table 1.
Continuous glass wool filtration was attended by a decrease in the SFP response to hemorrhage from a mean value of > 216 mm Hg prior to filtration to 80 mm Hg after filtration. The SFP during hemorrhage after glass wool filtration in no instance rose as high as it did in all experiments in which filtration was not used. The slightly higher mean blood pressure during shock when glass wool filtration was used is not considered adequate cause for this difference as can be seen by analyzing the data for the individual experiments. Filtration prior to injection of histamine also significantly decreased the SFP response to hypotension, from a mean value of > 194 mm Hg to 101 mm Hg.
In both series of experiments filtration through glass wool prior to the production of hypotension was attended by a decrease in the mean arterial blood pressure. In one series with an average filtration time of 34 minutes, the decrease was from 146 to 135 mm Hg; in the other with an average filtration time of 84 minutes, from 147 to 125 mm Hg.
Since the greater decrease in mean blood pressure occurred in the series of experiments in which the duration of glass wool filtration was the longer, similar experiments were extended to test effect on mean blood pressure of longer periods of filtration. The results of these experiments are shown in figure 6 . These data indicate that glass wool filtration of blood in our extracorporeal system decreased the mean blood pressure, and this decrease was to some extent related to the duration of filtration. Effect of continuous filtration of blood through glass wool on the mean arterial pressure.
Discussion
Crowell and Read 3 and Hardaway 4 studied the clotting mechanisms of the blood during acute hypotension due to bleeding. They noted an increased tendency to coagulation of the blood, which was lessened, but not abolished by intravenous heparin injections. Both studies indicated that heparinization lessened the severity of the shock, and reduced the frequency with which the shock became irreversible. Microscopic and larger blood clots were observed in the blood and lungs of their irreversibly shocked animals upon postmortem examination. In our hypotensive animals, aggregation of the blood elements was observed microscopically, and quantitated by the screen filtration pressure method. These changes were not materially lessened by heparinization of the animals, but heparinization did prevent coagulation of the blood in vitro. Perhaps suppression of intravascular thrombosis was the reason greater amounts of blood could be withdrawn from heparinized than nonheparinized animals during hemorrhage.
Aggregation of blood elements has also been observed in heparinized blood after addition of 5 hydroxytryptamine 5 (with or without adenosine diphosphate 5> 6 ) both in vivo and in vitro. Although the observed changes in platelets and other blood elements in hypotension and after addition of serotonin to the blood were similar, the relationship of their mechanisms is not known. 17  18  19  20  21  22  23  24  25  26  Mean  27  28  29  30  31  32  33  34  Mean   150  140  150  120  145  100  135  135  120  125  132  130  130  145  140  160  170  145  160  147   135  145  150  120  160  110  125  135  120  125  133  130  110  130  120  130  165  95  125  125   40  35  30  30  40  25  30  35  30  25  32  45  20  40  30  40  40  30  30  34   28  16  31  22  82  37  59  19  19  49  36  45  35  50  28  48  30  50  45  40   28  23  35  33  52  41  53  27  26  66  38  35  45  65  22  24  25  35  25  34   117  >225  >225  174  >225  140  >225  166  >225  >225  >194  115  65  125  90  150  90  120  55  101   0  0  0  0  0  0  0  0  0  0  0  35  35  100  140  145  65  125  26  84   Table 1 shows changes in blood pressure and screen filtration pressure (SPP) during hypotensive episodes from hemorrhage and histamine injections when preceded by no, or variable periods of filtration through pyrex glass wool. Initial blood pressure and SFP were recorded when animal had stabilized from the anesthesia. Duration of filtration is recorded as "0" for no filtration, and in minutes when filtration was employed. The SFP in nonfiltration experiments often exceeded 225 mm Hg, the limit of our recording system, during acute hypotension and is so indicated ( > 225).
We have not established the exact nature of the adhesive and aggregated material which formed during hypotension. Platelets played a major part in the formation of the aggregates and variable numbers of leucocytes were also present. In blood smears platelets and leucocytes were clearly recognized in dense aggregates. Aggregates of red blood cells were also to be seen. Only platelets and leucocytes were seen in large numbers, attached to the glass wool fibers, after glass wool filtration of blood. Platelet and leucocyte counts were both decreased by filtration of blood from hypotensive animals through glass wool, whereas red blood counts and hematocrits were not changed noticeably by this treatment. It is not clear if some of the platelets in circulating blood are normally adhesive and aggregated. Neither is it clear if the marked increase in these elements is the result of massive release of them from capillary beds of the body. Obviously if the material causing the increased screen filtration pressure after both histamine and hemorrhagic hypotension is the same, bleeding is not essential to its production; hypotension alone would be sufficient.
Whatever the nature of the material causing an increase in SFP, it was removed from the blood of the animal as well as from the blood in the extracorporeal circulation by the glass wool filter. The amount of adhesive and aggregated platelets and leucocytes removed from the blood by the filter was not very great while the circulation and blood volume were maintained at or near normal levels and the SFP was not elevated. The removal was rapid, however, during hypotension, when the concentration of this material in the blood, as indicated by an elevated SFP and by increasing filtration pressure before the glass wool filter, was substantially increased. Removal of this material from the blood by filtration, in any event, was followed by a decrease in the SFP of the circulating blood. It was also followed, in normotensive dogs, by a slow decrease in the mean arterial blood pressure. This could be due to a decrease in the resistance of the peripheral vascular bed Circulation Research, Volume XIV, February 1964 resulting from removal of adhesive blood elements from the circulation.
Other unpublished studies by Isselhard and Swank have shown that the glass wool filter removes 30% to 50% of the platelets from the circulating blood. However, even after many hours of filtration at least 50% of the platelets may be accounted for in the circulating blood. It can be postulated that those removed are different in nature from those which continue to circulate. Possibly those removed by the glass wool filter are older, or they are fundamentally different or changed from those remaining in the blood. 4 . The increase in screen filtration pressure which occurred during hypotension was much less marked if the animals' blood had first been circulated through pyrex glass wool.
5. Filtration of blood through pyrex glass wool was also attended by a progressive decrease in the mean arterial blood pressure of the animal.
